Myeloid-derived suppressor cells (MDSCs) are well known for their capacity to suppress antitumor T-cell responses, but their effects on B-cell function and antibody production remain unclear. Here, we found that MDSCs that accumulated around the germinal center in the spleen of tumor-bearing mice co-located with B cells. In the presence of MDSCs, the antibody reaction to a surrogate antigen was significantly enhanced in mice, especially the immunoglobulin (Ig)A subtype. Co-culture with MDSCs promoted both proliferation and differentiation of B cells into IgA-producing plasma cells in vitro. Interestingly, the cross talk between MDSCs and B cells required cell-cell contact. MDSCs from tumor necrosis factor receptor (TNFR) 2 − / − mice, but not from TNFR1 − / − mice, failed to promote B-cell responses. Further investigation suggested that interleukin-10 and transforming growth factor-β1 were crucial for the MDSC-mediated promotion of IgA responses. These results demonstrate a novel mechanism of MDSC-mediated immune regulation during tumor growth.
INTRODUCTION
Myeloid-derived suppressor cells (MDSCs), a heterogeneous population of cells that expand during cancer, inflammation and other pathological conditions, have been demonstrated to be important negative immune regulators. 1 They accumulate around the germinal centers in the spleen of tumor-bearing mice 2, 3 and are well known for their remarkable ability to suppress T-cell responses in the tumor microenvironment. 4 Apart from MDSCs, B cells might also act as negative regulators for antitumor immunity. 5 Although their presence is required in protective immunity against virus-induced tumors, 6 there is growing evidence that in B-cell-deficient μMT mice, the tumors tend to be rejected, 7 and adoptive transfer of B cells or serum can enhance squamous carcinogenesis. 8 These results imply that B cells are beneficial rather than inhibitory to tumor development. Compared with the well-studied inhibition on T-cell responses by MDSCs, the effect of MDSCs on B-cell function remains unclear.
Immunoglobulin (Ig)A is well known for its prevalence in mucosal tissues and its role in mucosal immunity. 9 However, it is also clear that a proportion of IgA is present in the serum and hence does not participate in mucosal immunity. 10 The depletion of the intestinal microbiota causes deficiency in IgA production in the intestinal mucosa, but it has little effect on serum IgA levels. 11 This result suggests that some serum IgA is produced independently of mucosal IgA through mechanisms that are unknown at present. We frequently observed that in spleens of tumor-bearing mice, IgA + cells around the germinal centers become associated with MDSCs, prompting us to hypothesize that MDSCs might play a crucial role in the generation of IgA + cells and therefore the production of serum IgA.
Tumor necrosis factor (TNF) is an important inflammatory cytokine and is secreted by both tumor and stromal cells in the tumor microenvironment. 12 The biological functions of TNF are mediated by two receptors, TNF receptor-1 (TNFR1) and TNFR2. TNFR1 is expressed universally on almost all cell types, whereas TNFR2 is restricted to immune cells. 13 As their ligand, TNF is either integrated in the plasma membrane as memTNF, where it binds mainly to TNFR2, or proteolytically released as soluble TNF, which functions as the main ligand for TNFR1. 14 Signaling pathways that are mediated by TNFR1 have been extensively studied. As for TNFR2, although it was previously shown to be involved in MDSC survival and activity, 3, 15 knowledge is lacking regarding its function and signaling pathways.
In the present study, we revealed a novel dialog between MDSCs and B cells, which is mediated by memTNF on B cells and TNFR2 on MDSCs. MDSCs activated by memTNF promoted splenic B cells to produce IgA. Our results not only identify a role for MDSCs in humoral immune responses, hence influencing tumor growth, but also shed new light on the source of IgA + B cells, which have a crucial role for immunosuppression. 16 MATERIALS AND METHODS Animals C57BL/6 mice were purchased from Weitonglihua Corporation (Beijing, China). TNFR1 − / − mice of a mixed genetic background, including 129/Sv/Ev and C57BL/6, were kindly provided by Dr Horst Bluethmann (Hoffmann-La Roche, Basel, Switzerland). TNFR2 − / − mice were obtained from Jackson Laboratory. Both strains of mice were backcrossed for 12 generations onto the C57BL/6 background, and female mice aged 6-8 weeks were used. All of the mice were maintained in a pathogen-free barrier facility at the Institute of Biophysics, Chinese Academy of Sciences. The animal experiments were carried out with the approval of the Institutional Laboratory Animal Care and Use Committee.
Cell lines
MCA205 fibrosarcoma cells are of the C57BL/6 origin. 17 All of the cells were cultured in Roswell Park Memorial Institute (RPMI) 1640 medium that was supplemented with 10% fetal calf serum as described. 3 In vivo studies Tumors were induced as previously described. 3 In brief, 5 × 10 5 MCA205 cells in 200 μl phosphate-buffered saline (PBS) were injected subcutaneously. Then, the spleens were taken for in situ immunofluorescence and to isolate defined cell populations that were used in the in vitro experiments after 3 weeks. For induction of antibody production in mice, tumorbearing mice and tumor-free control mice received 100 μg ovalbumin (OVA) protein that was dissolved in incomplete Freud's adjuvant. Part of the tumor-bearing mice group were treated with daily intraperitoneal injections of 0.4 mg/g alltrans retinoic acid (ATRA) for 20 days. 18, 19 After 14 days, all of the mice were challenged with 10 μg OVA. The serum samples were retrieved for detection of the OVA-specific antibody subtypes. Chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Isolation and transfer of murine MDSCs
CD11b + Gr1 + MDSCs were isolated using a FACS Aria II (BD Biosciences, San Jose, CA, USA), and freshly prepared MDSCs (5 × 10 6 in 100 μl PBS) were transferred intravenously to wild-type mice as previously described. 3 For the in situ immunofluorescence, spleens were retrieved and cryopreserved 2 days after MDSC transfer. For the antibody detection, MDSCs were intravenously transferred into naive wild-type mice where they could be traced within the spleen for 7 days. 3 Two days later, these mice, and wild-type mice that did not receive MDSCs, were immunized with 100 μg OVA. All of the mice were challenged with 10 μg OVA 14 days later. Where applicable, MDSC transfer was repeated once weekly for 3 weeks. Serum samples were retrieved for detection of the OVA-specific antibody subtypes.
In vitro culture of murine cells Non-adherent spleen cells from naive mice were cultured alone or co-cultured with MDSCs in the presence or absence of 1 μg/ml lipopolysaccharides (LPS), and the ratio of nonadherent spleen cells to MDSCs was 3:1.
Specific neutralizing antibodies were purchased from R&D Systems (Minneapolis, MN, USA), including transforming growth factor (TGF)-β (clone 1D11), TNFR1 (clone 55R170), interleukin (IL)-10 (clone JES052A5) and TNF (catalog number AF-410-NA); or from Biolegend (San Diego, CA, USA), including TNFR2 (clone TR75-54.7). The TGFβ receptor-1 (TGFβRI) kinase inhibitor, SD208 was from Tocris Bioscience (Bristol, UK).
Detection of the total and OVA-specific antibody subtypes Antibodies from sera or culture supernatants were assessed using an enzyme-linked immunosorbent assay (ELISA) for mouse antibody clonotyping (Southern Biotech, Birmingham, AL, USA). The total antibody amounts were quantified as the manufacturer's instructions. As for the OVA-specific antibodies, the capture antibody from the first step was replaced by 10 μg/ml OVA.
Flow cytometry
Single-cell suspensions that were prepared directly from spleens were stained with the following directly conjugated mousespecific monoclonal antibodies that were purchased from BD Pharmingen (San Diego, CA, USA), including CD4 (clone RM4-5), CD11b (clone M1/70), CD80 (clone 16-10A1), CD86 (clone GL1), TNFR2 (clone TR75-89), CD138 (clone 281-2) and IgA (clone C10-3); from Biolegend, including B220 (clone RA3-6B2), Gr1 (clone RB6-8C5), TNFR1 (clone 55R-286); or from eBioscience (San Diego, CA, USA), including TNFα (clone MP6-XT22).
In situ immunofluorescence and confocal microscopy In situ immunofluorescence from cryostat or paraffin tissue sections was performed as described previously. 2 Spleen sections were stained with rat, rabbit or goat anti-mouse or human (Ki67) antibodies specific to B220 (clone RA3-6B2; BD Biosciences), CD11b (catalog number NB110-89474; Novus Biologicals, Littleton, CO, USA), Gr1 (clone RB6-8C5), IgA (clone C10-1; BD Biosciences), IgA (catalog number A90-103A; Bethyl Laboratories, Montgomery, TX, USA), or Ki67 (clone B56; BD Biosciences) followed by Alexa Fluor 488 donkey anti-rat, Alexa Fluor 555 donkey anti-rabbit, Alexa Fluor 555 donkey anti-goat, Alexa Fluor 555 goat anti-rat or Alexa Fluor 488 donkey anti-mouse IgG antibodies (Life Technologies, Carlsbad, CA, USA). The nuclei were counterstained with 4 0 -6-diamidino-2-phenylindole (DAPI) (SigmaAldrich). Primary antibodies were omitted for negative controls. The sections were visualized by fluorescence microscopy using a FV1000 confocal laser scanning microscope (Olympus, Tokyo, Japan) and a DP71 microscopic digital camera.
Cytokine detection TGF-β1 in the culture supernatants was detected with ELISA kits (R&D Systems, Minneapolis, MN, USA). The IL-6, monocyte chemotactic protein (MCP)-1, interferon (IFN)-γ, TNF and IL-10 levels were assayed with a mouse inflammation cytometric bead array (CBA) kit (BD Pharmingen) and the data were analyzed using the CBA software.
Statistical analysis
The data were analyzed using the GraphPad Prism software (version 5; GraphPad Software, La Jolla, CA, USA). Po0.05, as determined by Mann-Whitney or Student's t-tests, were considered statistically significant.
RESULTS

MDSCs co-localize with B cells in the spleens of tumor-bearing mice
To investigate the local relationship of MDSCs to cells of the B-lymphatic lineage, we first evaluated the distribution of CD11b + and B220 + cells in the spleen in situ using immunofluorescence ( Figure 1a ). Within the spleens of naive mice, the CD11b + cells were rare and mainly distributed within the marginal zone. In tumor-bearing mice, the number of CD11b + cells was significantly increased. These cells were localized around the germinal centers and co-localized with the B220 + marginal zone B cells. Most of these CD11b + cells were also Gr1 + , as shown by flow cytometry (Figure 1b) . The CD11b + Gr1 + cells that were isolated from the spleens of tumor-bearing mice had the capacity to inhibit T-cell proliferation and they had high arginase and inducible nitric oxide synthase activities (Supplementary Figure 1) . Together, these results indicate that these cells were indeed MDSCs. Using in situ immunofluorescence (Figure 1c ; Supplementary Figure 2 ) and flow cytometry (Figure 1d ), we observed that significantly increased numbers of B220 − IgA + cells 20 accumulated within the spleens of tumor-bearing compared with naive control mice. These IgA + cells within the spleens of the naive control and tumor-bearing mice were mostly outside of the germinal centers; however, they were only associated with Gr1 + cells in the tumor-bearing mice (Figure 1e ). These findings suggested that MDSCs interact closely not only with B220 + B cells but also with B220 − IgA + cells, which were recruited into the spleen during tumor progression.
MDSCs promote proliferation of marginal zone B cells and antibody production in vivo To investigate whether MDSCs modulate B-cell responses, we first tested how MDSCs affect the activation state of splenic B cells in vivo. Upon transfer of MDSCs and subsequent immunization with OVA as a surrogate antigen, hot spots of proliferation within the spleen appeared at the margin of the germinal centers within two days (Figure 2a) . A substantial increase of Ki67 + B220 + cells was found adjacent to germinal centers in the mice that received purified MDSCs, but not in the control mice. Within 14 days, the OVA immunization in the presence of MDSCs significantly enhanced the production of OVA-specific IgG2b, but not the other Ig-subtypes (Supplementary Figure 3a; Figure 2b ). Seven days after repeated encounter with OVA, only the IgA levels were significantly elevated in the presence of MDSCs compared with the controls (Figure 2b ). These results suggest that MDSCs modulate antibody production by B cells upon local interaction.
Next, we assessed the effect of OVA immunization in an animal model that generated MDSCs within 20 days after transplantation of MCA205 cells. The influence of MDSCs was further verified by MDSC depletion with ATRA treatment, as reported previously. 18, 19 Except for IgG2a and IgG3, all of the OVA-specific antibody subtypes were significantly higher in the serum of the MCA205 tumor-bearing mice when compared with the tumor-free mice 14 days after OVA injection, and all of the effects were reversed with ATRA ( Figure 2c;  Supplementary Figure 3b) . Remarkably, this was independent of tumor development or MDSC depletion in the tumorbearing mice that also received the OVA immunization (Figure 2c; Supplementary Figure 3b) . However, only the IgA levels remained significantly different in the MDSC treated tumor-bearing mice compared with the control mice at 7 days after OVA challenge (Figure 2c ). At this time point, the concentrations of all other antibody subtypes tested, including IgM and IgG, were comparable between the groups. Thus, the MDSC depletion not only prevented the induction of specific antibody subtypes, but also abolished the effect on systemic IgA production and pointed to a direct involvement of MDSCs in antibody class switching.
MDSCs promote B-cell responses in vitro
To investigate the potential effect of MDSCs on B-cell development, isolated MDSCs were co-cultured with nonadherent spleen cell fractions containing B cells. LPS is a potent murine polyclonal B-cell activator, and has been widely adopted as a tool to study plasma cell differentiation in vitro. 21 Using carboxyfluorescein succinimidyl ester, we found that LPS-induced B-cell proliferation, while MDSCs alone had no such effect. However, the combination of MDSCs and LPS induced significantly greater proliferation levels than LPS alone (Figure 3a) . To investigate the effect of MDSCs on B-cell activation, we assessed the levels of co-stimulatory molecules on B220 + cells. Although LPS upregulated the expression of CD80 and CD86, the MDSCs alone had no such effect. Similarly, MDSCs and LPS significantly increased the expression levels of these co-stimulatory molecules on the surface of B cells, and the CD86 levels were upregulated the most (Figure 3b) . Furthermore, the LPS alone treatment generated only low percentages of B220 − CD138 + differentiated plasma cells. However, the addition of the MDSCs alone treatment was nearly twice as effective as LPS (Figure 3c) . However, the presence of LPS in combination with MDSCs significantly expanded the B220 − CD138 + population from 2% to about 8% (Figure 3c ), suggesting that MDSCs play an important role in the terminal differentiation of activated B cells into plasma cells. To assess the capacity of B220 − CD138 + cells to produce IgM and IgA in vitro, we tested IgM and IgA production in co-culture system. As Figure 3d shows, LPS increased the levels of IgM independent of the presence of MDSCs. The MDSCs induced IgA production within the cultures. The addition of LPS to the B-cell and MDSC cultures significantly enhanced the effect of MDSCs on IgA production. The subtypes other than IgM and IgA were also tested, and IgG1 and IgG2b were also induced by the addition of the MDSCs (Supplementary Figure 4) .
Taken together, MDSCs promoted B-cell activation and differentiation into IgA-producing plasma cells in vitro.
TNFR2 expression is crucial for MDSC-induced B-cell proliferation TNF is essential for MDSC accumulation in tumor-bearing hosts. 3 Here, we found that CD11b + Gr1 + MDSCs from tumorbearing mice expressed TNFR1 and TNFR2 ( Supplementary  Figure 5a) . Additionally, the percentages of memTNF + B220 + B cells were significantly increased by more than twofold after 24 h of culture in the presence of MDSCs and LPS compared with each of the components alone (Supplementary Figure 5b) . We therefore addressed the question as to whether TNF receptor expression has an impact on the interaction between B cells from wild type and MDSCs from TNFR1 − / − and TNFR2 − / − mice. Both for the TNFR1 − / − and TNFR2 − / − MDSCs, we observed that the effect of MDSCs on B-cell proliferation without LPS were comparable to that in the WT controls. However, upon the addition of LPS, B-cell proliferation in the presence of MDSCs was only observed in the TNFR1 − / − mice (Figures 3a, 4a and b) . Following immunofluorescence staining of adhered cells, we observed that the TNFR1 − / − MDSCs attached to B cells but not the TNFR2 − / − MDSCs (Figure 4c) . Additionally, B-cell proliferation and cell-cell contact with MDSCs were prevented with a TNFR2-specific blocking antibody (Figures 4d and e) .
On the basis of these results, we concluded that MDSCinduced B-cell proliferation required cell-cell contact via TNFR2. Figure 2 MDSCs promote B-cell proliferation and IgA production. (a) MDSCs (5 × 10 6 ) were intravenously transferred into naive wild-type mice. These mice and untreated wild-type mice were immunized with OVA (100 μg). After 2 days, spleen sections were stained for Ki67 (green) and B220 (red). The nuclei were counterstained with DAPI (blue). The cLSM images are representative of two independent experiments with 2 mice per group. Original magnifications: 1st to 3rd rows. The bottom row shows an enlarged image of the marked area in the 3rd row: scale bars, 50 μm. (b) MDSCs (5 × 10 6 ) were intravenously transferred into naive wild-type mice. Two days later, these mice and wild-type mice that did not receive MDSCs were immunized with OVA (100 μg). The MDSC transfer was repeated once weekly for 3 weeks. Each mouse was challenged with OVA (10 μg) 14 days later. (c) Wild-type mice subcutaneously received MCA205 (5 × 10 5 ) tumor cells in PBS or PBS alone. After 20 days, half of the MCA205 tumor-bearing mice were treated with ATRA. The mice from all groups were immunized with OVA (100 μg) and challenged with OVA (10 μg) 14 days later. For b and c, the OVA-specific IgM and IgA antibody serum concentrations were assessed at day 7 and 14 during the primary immunization (1st) as well as 7 days after the challenge (2nd). Shown are representative results of two independent experiments with 8 mice per group. *Po0.05 and **Po0.01, as determined with the Mann-Whitney test. ATRA, all-trans retinoic acid; cLSM, confocal laser scanning microscope; Ig, immunoglobulin; MDSCs, myeloid-derived suppressor cells; OVA, ovalbumin; PBS, phosphate-buffered saline.
IL-10 and TGF-β1 are crucial for IgA response of B cells
To analyze the impact of cell-cell contact on IgA production of B cells, we first tested the supernatants of our co-cultures for cytokines. The TGF-β1, IL-10, IFN-γ and MCP-1 levels were found to be significantly increased in co-cultures of wild-type MDSCs with non-adherent splenocytes, relative to the cultures of the individual cell types. The addition of non-adherent splenocytes to the MDSC cultures did not affect the secretion of IL-6 and TNF (Figure 5a ). Because TGF-β1 and IL-10 are crucial for IgA production, 22 IgA production was analyzed in our co-culture system following the blockade of both cytokines. Indeed, neutralization of either IL-10 or TGF-β1 by antibodies or by inhibiting the TGFβRI kinase with SD208 diminished the IgA levels, but not the IgM production (Figure 5b) . Blockade of TNF-related molecules, especially TNFR2 and TNF, in the wild-type MDSC and B-cell co-cultures in the presence of LPS resulted in reduced secretion of IL-10, but not of TGF-β1 (Figure 5c ). IgA production was also found to be significantly lower relative to the controls (Figure 5d ). Downregulation of IL-10 in the TNFR2 − / − MDSCs was also detected at the mRNA level (Supplementary Figure 6) .
Together, these results suggest that IL-10 and TGF-β1 are crucial for IgA responses in B cells.
DISCUSSION
On the basis of the observation that IgA + cells at the edge of the germinal centers in tumor-bearing mouse spleens were surrounded by MDSCs, we investigated the role of MDSCs in serum IgA production. We found that the cell-cell contactdependent activation of MDSCs was mediated via TNFR2 on MDSCs and memTNF on B cells. As a result, activated MDSCs promoted splenic IgA production. Our study reveals a novel dialog between MDSCs and B cells in tumor-bearing mice.
MDSCs from various pathological conditions, such as cancer, inflammation, and autoimmune diseases, are able to suppress T-cell responses; 4 however, their effects on B cells are not well established. MDSCs from mice with collagen-induced arthritis inhibit autologous B-cell proliferation and antibody production. 23 MDSCs from a retrovirus infection model also counteracted B-cell responses in vitro. 24 However, aluminduced myeloid cell populations are required for in vivo priming and expansion of antigen-specific B cells, as well as for optimal antibody production in mouse models, 25 supporting the idea that MDSCs boost B-cell function. Similarly, we found that MDSCs from MCA205 tumor-bearing mice promoted B-cell proliferation and IgA production. As murine MDSC populations are typically heterogeneous, exhibiting various phenotypes, 4 it is possible that different MDSC subsets elicit different effects on B-cell functions. However, further studies are required to address this question.
The well-studied source of IgA is gut-associated lymphoid tissue, which is responsible for the generation of IgA-secreting cells in response to commensals and pathogens, against which IgA acts as a first-line barrier. 9 In our system, IgA production was detected in a co-culture system of MDSCs and nonadherent spleen cell fractions containing B cells. Currently, B cells are subdivided into at least three subtypes, namely B1 cells, follicular B2 cells and marginal zone B cells. 26 B1 cells are mainly enriched in the peritoneal and pleural cavities. 27 Follicular B2 cells and marginal zone B cells constitute the majority of splenic B cells, and they are found in B-cell follicles and the marginal zone, respectively. 28 By culturing purified B-cell populations, a related study reported that enhanced IgA class switching occurred in mouse splenic marginal zone B cells relative to follicular B2 cells. 27 In agreement with these earlier results, we found that MDSCs were co-localized with B220 + marginal zone B cells in the spleen of tumor-bearing mice; however, little is known Figure 5 IgA production requires IL-10 and TGF-β1. (a) In the presence of LPS (1 μg/ml), NASC and MDSCs were cultured alone or in a co-culture for 16 h before the cytokines in the supernatants were determined with CBA (IL-10, IFN-γ, MCP-1, IL-6 and TNF) or with ELISA (TGF-β1). (b) Non-adherent spleen cells were co-cultured with MDSCs and LPS (1 μg/ml) alone or in the presence of anti-IL-10 (10 ng/ml), anti-TGF-β (100 ng/ml) or the TGFβRI inhibitor, SD208 (1 μM) for 72 h. The IgA and IgM antibody concentrations within the supernatants were detected with specific ELISA. (c, d) Non-adherent spleen cells were co-cultured for 16 h or 72 h with MDSCs and LPS (1 μg/ml) alone or in the presence of antibodies that specifically blocked TNFR2 (100 ng/ml), TNF (100 ng/ml) or TNFR1 (1 μg/ml). IL-10 and TGF-β1 at 16 h (c) as well as IgM and IgA antibodies at 72 h (d) were detected from the supernatants with ELISA or CBA (IL-10). For a and c, the mean values ± s.e.m. of at least 5 wells per group are shown. This experiment was repeated at least 4 times. *Po0.05 and **Po0.01, as determined with Student's t-test. Panels b and d summarize three independent experiments with triplicate determinations. *Po0.05 and **Po0.01, as determined with the Mann-Whitney test. CBA, cytometric bead array; ELISA, enzyme-linked immunosorbent assay; Ig, immunoglobulin; IFN, interferon; IL, interleukin; MCP, monocyte chemotactic protein; MDSCs, myeloid-derived suppressor cells; NASC, non-adherent splenocytes, TGFβRI, TGFβ receptor-1; TNF, tumor necrosis factor; TNFR, tumor necrosis factor receptor.
about the function of IgA from non-intestinal tissues. 29 Intestinal IgA that is induced by commensals does not act as a pro-inflammatory factor; instead, it regulates intestinal homeostasis. 30 IgA levels are elevated in the presence of various tumors; therefore, such changes can be used as parameters to monitor disease and/or to establish a prognosis, including IgA that is specific for an Epstein-Barr viral capsid antigen in nasopharyngeal carcinoma patients; 31 IgA that is specific for Helicobacter pylori in patients with gastric cancer; 32 and serum IgA in head, neck and prostatic carcinomas. 33, 34 IgA-deficient individuals have a higher risk for autoimmune disorders, but not for cancer development. 35 This close relationship between IgA and cancer frequency prompted us to investigate the role of IgA in tumor development. As the IgA production from splenic B cells was increased in the presence of MDSCs, we hypothesized that the IgA produced upon stimulation by MDSCs could facilitate tumor growth by inhibiting antitumor immunity; however, its effect needs to be clearly demonstrated through further experimentation.
The role of B-cell function during tumor immunity remains under debate. On one hand, B cells impair tumor development by facilitating T-cell-mediated responses. Additionally, depletion of CD20 + B cells enhanced the tumor burden in the lungs of a B16-F10 melanoma model. 36 However, syngeneic tumors progress poorly in B-cell-deficient μMT mice unless they are replenished with B220 + B cells, as a non-protective humoral immune response is induced in the presence of B cells. 7 Additionally, it has been described that splenectomy can inhibit tumor growth in certain cases. 37 IgA + plasmocytes suppressed the antitumor immunity in a mouse prostate cancer model. 16 However, several questions remain to be addressed before the mechanism of how IgA + plasmocytes suppress antitumor immunity is clear. In particular, the point of whether the suppression can be attributed to the role of IgA + plasmocytes or IgA alone needs further study. Here, we found that MDSCs in the spleen of tumor-bearing mice preferentially induced the production of IgA, rather than IgG or IgM. This result suggests that the effects of B cells on tumor immunity might be attributed to the Ig-subtype composition, with IgA having negative and IgG or IgM having supporting effects on immunity against tumors.
TNF signaling affects MDSC differentiation and activation on different levels. 38, 39 TNFR2 is a crucial factor for splenic MDSC accumulation and activation. 3, 15 We found that the lack of this receptor on MDSCs abrogated the ability to promote B-cell responses, whereas the lack of TNFR1 exhibited no such effect. Different from TNFR1, TNFR2 is highly regulated, resulting in low expression levels only on immune cells under physiological conditions. 13, 40 The ligand involved in MDSC activation via TNFR2 is memTNF, but not soluble TNF. 15 In the spleen, B-cell-TNF signals are important for maintaining the structure of follicular dendritic cell clusters and germinal centers. 41, 42 Additionally, memTNF supports the formation of germinal centers during autoimmune inflammation. 43 In agreement with these earlier results, we showed here that splenic B cells are the major source of memTNF, the ligand for TNFR2-dependent MDSC activation. However, memTNF not only transmits signals to target cells as a ligand, but also acts as a receptor that transmits outside-to-inside (reverse) signals back to the cells after binding to its native receptors. 44, 45 Whether the reverse signaling is involved in IgA synthesis in B cells still requires investigation.
The role of TNF in tumor immunity is complex. Previous data reported that TNF promotes antitumor responses. 46, 47 However, contrary evidence is becoming more and more abundant, which shows that TNF has tumor-promoting effects. 48, 49 The opposing effects of TNF in tumor immunity are closely related to its different temporal and spatial expression patterns. Targeting TNF is becoming a treatment option in both immune-mediated chronic inflammatory diseases and cancer. 50, 51 However, anti-TNF therapy is still in its early stages, 38 and therefore further studies will be required to identify the precise mechanisms of this targeted therapy in different organs and immune system. Together, our study provides the first evidence that in tumor-bearing mice, MDSCs activated via TNFR2 by memTNF on B cells promote splenic IgA production, hence suggesting a potential beneficial contribution of anti-TNF therapy to treat inflammatory diseases, which may also have suppressive effects on cancer progression.
